A better method for diagnosis of bovine trichomoniasis is needed because culture is slow and somewhat lacking in sensitivity. Immunodiagnosis of Tritrichomonas foetus infection usually involves detection of antigen-antibody reactions with an anti-immunoglobulin conjugate. However, nonspecific immunoglobulin (Ig), bound to the surface of T. foetus, would also be detected by an anti-Ig conjugate and thus would interfere with the specificity of the immunoassay. The goals of this study were to define the binding of bovine immunoglobulin to T. foetus. To determine whether nonimmune binding of Ig to T. foetus occurs, we immunized rabbits with organisms that had been grown in medium containing normal bovine serum and vigorously washed three times with phosphate-buffered saline. The rabbit antiserum had similar titers to T. foetus and to normal bovine serum by enzyme-linked immunosorbent assay (ELISA). Furthermore, two bovine serum proteins were immunoprecipitated by the rabbit antiserum in an immunoelectrophoretogram. One of the serum proteins had a distribution characteristic of IgG2. The rabbit antiserum was then shown to react with purified bovine IgG and IgM by ELISA. Reactivity to IgG was greater. To identify the IgG subisotypes bound and to confirm nonimmune binding of Ig, we grew T. foetus in agammaglobulinemic fetal calf serum and reacted it with IgGl, IgG2, and IgM specific for dinitrophenol (DNP) in ELISA. The binding of IgG2 was greatest, that of IgGl was next, and that of IgM was least. Little competitive inhibition by DNP was detected, indicating that binding of DNP-specific antibodies was predominantly nonimmune rather than antigen-specific Ig binding. We also demonstrated that T. foetus grew well in medium containing agammaglobulinemic fetal calf serum or serum made agammaglobulinemic by ammonium sulfate precipitation of Igs. This may overcome the problem of low specificity in diagnostic assays as a result of antigen with Ig bound by nonimmune mechanisms.
Bovine trichomoniasis, caused by Tritrichomonas foetus, is of significant economic importance to the beef industry (1, 2, 6, 8, 13, 14) . For example, in one report from California, 4% of bulls were infected and 16% of ranches had at least one infected bull (2) . Although bulls are asymptomatic carriers, transient infertility or abortion occurs in cows (1, 14, 15) . Control of this disease is hampered by difficulties in diagnosis owing to the insidious nature of the disease and the lack of rapid diagnostic tests (1, 14) . Etiologic diagnosis is based on culture or microscopic observation of wet mounts from genital secretions (1, 14) . These methods are cumbersotne and somewhat unreliable. A serologic assay would be very useful. However, immunodiagnosis has not proven very reliable in the past (14) , even though infected animals do mount an immune response (16, 17) . One potential problem for development of serologic assays may be the binding of host proteins to the organism. The related protozoan, Trichomonas vaginalis, binds serum proteins, including immunoglobulin (Ig), to its surface (11) . This Ig binding may interfere with diagnostic assays that involve anti-Ig conjugates. Since T. foetus is usually grown in vitro in media containing bovine serum (1) , the organism may also be coated with bovine Ig during growth. This would result in high backgrounds in enzyme-linked immunosorbent assays (ELISAs) or similar assays involving anti-Ig conjugates. To determine whether this is a problem in T. foetus antibody assays, our goal was to investigate Ig binding to T. foetus, the bovine isotypes bound, and the portion of the Ig molecule which binds to T. foetus in vitro. Then methods for growing T. foetus in the absence of bovine Ig could be developed so that uncoated organisms could be prepared for use in immunodiagnostic assays. were used. Antibody to IgA was not included, because IgA concentrations are very low in bovine serum (5) . The isotype-specific murine monoclonal antibodies were followed by peroxidase-conjugated goat antisera to mouse IgG (Kirkegaard & Perry Laboratories) and then 5-aminosalicyclic acid plus hydrogen peroxide substrate, as we previously described (3, 7, 19) . Reactions were read in the dualwavelength (630 and 490 nm) mode of an ELISA reader (Dynatech), and results were expressed as an end point titer for each sample. This was calculated as the sample dilution resulting in an absorbance that fell on the straight-line portion of the standard curve and was at least three times the average absorbance of background wells (no Ig). A positive control serum was included with each set of assays to correct for day-to-day variation as previously described (19) .
MATERIALS AND METHODS

Cultivation
This control serum titer usually only varied by one well from run to run. Antibody binding to protein antigens (bovine Ig or dinitrophenol [DNP] conjugated to bovine serum albumin [BSA] ) was measured in a similar assay. Plates were coated with 0.10 ml of a 0.01-mg/ml solution of the soluble antigen in PBS, and the ELISA was performed as described above.
Ig preparations. Bovine Ig and Ig fragments were prepared as previously described (20) . Bovine IgG1, IgG2, and IgM antibodies specific for DNP were generously provided by Tom Besser, Washington State University, and were purified from normal bovine serum as described by McGuire et al. (10) and Widders et al. (20) . Briefly, normal bovine serum was passed over a column of DNP-lysine-agarose. Bound antibody was eluted with free hapten, and antibody was finally separated from hapten by chromatography on Dowex anion-exchange resin. The Ig preparation was chromatographed on Bio-Gel A 1.5 (Bio-Rad Laboratories, Richmond, Calif.), and void-volume fractions containing only IgM were pooled. The IgG fraction was applied to a column of DEAE-cellulose equilibrated with 0.005 M sodium phosphate buffer (pH 8.0). Unbound Ig was IgG2. IgG1 was eluted with a linear NaCI gradient from 0 to 0. these studies, rabbit antiserum to whole bovine serum (the positive control) reacted with many proteins whereas rabbit antiserum to serum-grown T. foetus reacted with only two serum proteins (Fig. 1) . One precipitin line formed close to the central well with slight cathodal and greater anodal migration. The other precipitin arc is visible from just beyond the central well to the extreme cathodal side of the slide, as is characteristic of bovine IgG2 (5). Perhaps because of the great heterogeneity of bovine IgG2 and hence its great length, this latter arc is quite faint. The detection of only two bands with rabbit antisera to serum-grown T. foetus rather than the many bands seen with antisera to whole bovine serum indicates preferential binding of these two proteins to T. foetus.
To determine which Igs from bovine serum were bound to the organisms, we performed ELISA with purified bovine IgG or IgM as the antigen. In this case, rabbit antiserum to T. foetus grown in serum reacted in high titer with both (Table 2 ). In all of the above assays, the preimmunization rabbit serum reacted minimally (at least 50-fold less strongly than the postimmunization serum did). To confirm this observation of bovine IgG bound to T. foetus, organisms grown in Diamond's TYM medium plus 10% bovine serum, as above, were washed three times and used as the antigen in ELISA. No bovine or rabbit antiserum was added, but the anti-bovine IgG conjugate was serially diluted to give an end point titer. The result was a titer of 1/53,000, showing that bovine IgG from the serum in the growth media did bind to the organism and was recognized by the conjugate.
Growth of T. foetus in non-Ig-containing media. T. foetus grew slowly for the first two passages, but after the protozoa had adapted to the new serum source good growth occurred (7 x 106 to 9 x 106 organisms per ml in 48 h) in Diamond's TYM medium supplemented with either 10% fetal calf serum or 10% normal bovine serum made agammaglobulinemic by ammonium sulfate precipitation of gamma globulin. This was similar to growth in Diamond's TYM media with 10% normal bovine serum. In RPMI 1640 with the defined serum substitute, organisms remained alive for a few days but no multiplication was detectable.
Binding of bovine Ig to T. foetus. To determine which Ig isotypes bind to T. foetus, we grew the organism in medium with agammaglobulinemic fetal calf serum (Table 3) . These trichomonads were washed and attached to microtiter plates. In ELISA, bovine IgGl, IgG2, and IgM (specific for DNP) all bound to the trichomonads (Table 3 ). IgG2 was detectable on the T. foetus surface after incubation in solutions of lower concentration than those required for detection of IgGl. Binding of DNP-specific IgM also occurred, but detectable binding required a higher IgM concentration than that for either IgGl or IgG2 (Table 3) . Therefore, IgG2 bound best, followed by IgGl; the lowest binding activity was detected with IgM. Polyspecific IgG2, prepared from normal bovine serum (obtained from cattle that had not been exposed to T. foetus), also bound to the surface of T. foetus in ELISA, but less effectively than DNP-specific IgG2 did (Table 3) . To investigate the portion of the Ig molecule with binding activity, we also tested Fab and Fc fragments of bovine IgG for binding to T. foetus. Binding of Fab or Fc fragments was measurable only in solutions of at least 0.27 mg/ml (Table 3) 
DISCUSSION
The results demonstrate that bovine Igs do bind to T. foetus during growth in medium which contains normal bovine serum. Ig appears to be bound in preference to other serum proteins since only two bands were detected by immunoelectrophoresis of bovine serum reacted against rabbit antiserum to T. foetus grown in medium containing bovine serum was used . Also, there was no evidence of a rabbit antibody response to BSA in this rabbit antiserum. Washing three times did not remove the Ig from the surface of T. foetus. Therefore, binding of Ig by T. foetus could be a problem in serologic assays in which T. foetus grown in bovine serum was used as the antigen, since anti-bovine Ig conjugates would react with this antigen preparation even if the test serum had no antibody. False-positives would result. Similarly, a problem would result in antigen detection assays if serum-grown organisms were used to immunize rabbits (or other species) for production of antibody reagents. This may partially explain the cross-reactivity between T. foetus and bovine cervical mucus observed by Yule et al. (23) in a T.
foetus antigen detection assay. Their rabbit antiserum to serum-grown T. foetus may have contained antibodies reactive with Ig in the cervical mucus. The binding of Ig to the surface of T. foetus may also mask antigens important in inducing a protective immune response. This would be a problem with serum-grown vaccine antigens and may also allow the organism to evade host defenses during natural infection. Therefore, the ability to bind Ig may be a virulence factor for T. foetus, as was shown for Haemophilus somnus (18, (20) (21) (22) To circumvent the problem of bound Ig interfering with antigen-specific immunization or diagnosis, we compared several media to develop a growth medium which did not contain Ig. Although Lindstead's chemically defined medium is known to support the growth of Trichomonas vaginalis (9) , no growth of T. foetus occurred in this medium in our studies. T. foetus did not grow in Diamond's medium without serum (data not shown); however, normal bovine serum could be replaced with fetal calf serum, which is essentially agammaglobulinemic, or with artifically agammaglobulinemic serum produced by precipitating out Igs with 50%-saturated ammonium sulfate. Since we first made these observations, we have used Diamond's TYM medium supplemented with 10% fetal calf serum for most of our studies of T. foetus antigens (3, 7) . Therefore, media supplemented with agammaglobulinemic serum provide adequate alternatives for growth of T. foetus to produce immunodiagnostic or vaccine antigens. In addition, it may be that nonimmune binding will cause false-positive reactions in immunodiagnostic tests, not because of Ig bound from the growth media but from nonimmune Ig binding from test serum. This may be overcome by diluting the test serum beyond the end point for nonimmune binding. If it is not feasible to dilute serum beyond this end point, it may be necessary to use purified T. foetus antigens other than those which bind Ig nonspecifically.
